Collagen XVII Participates in Keratinocyte Adhesion to Collagen IV, and in p38MAPK-Dependent Migration and Cell Signaling  by Qiao, Hongjiang et al.
Collagen XVII Participates in Keratinocyte Adhesion
to Collagen IV, and in p38MAPK-Dependent
Migration and Cell Signaling
Hongjiang Qiao1,2,3, Akihiko Shibaki2,3, Heather A. Long2, Gang Wang2, Qiang Li2, Wataru Nishie2,
Riichiro Abe2, Masashi Akiyama2, Hiroshi Shimizu2 and James R. McMillan1,2
Collagen XVII (COL17) participates in keratinocyte adhesion and possibly migration, as COL17 defects disrupt
keratinocyte-basal lamina adhesion and underlie the disease non-Herlitz junctional epidermolysis bullosa.
Using small interference RNA (siRNA) to knock down COL17 expression in HaCaT cells, we assessed cell
characteristics, including adhesion, migration, and signaling. Control and siRNA-transfected keratinocytes
showed no difference in adhesion on plastic dishes after incubation for 8 hours in serum-free keratinocyte-
growth medium; however, when grown on collagen IV alone or BD matrigel (containing collagen IV and laminin
isoforms), COL17-deficient cells showed significantly reduced adhesion compared with controls (Po0.01), and
mitogen-activated protein kinase (MAPK)/ERK kinase (MEK)1/2 and MAPK showed reduced phosphorylation.
Furthermore, COL17-deficient HaCaT cells plated on plastic exhibited reduced motility that was p38MAPK-
dependent (after addition of the p38MAPK inhibitor SB203580). Together, these results suggest that COL17 has
significantly wider signaling roles than were previously thought, including the involvement of COL17 in
keratinocyte adhesion to collagen IV, in p38MAPK-dependent cell migration, and multiple cell signaling events
pertaining to MEK1/2 phosphorylation.
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INTRODUCTION
Collagen XVII (formerly known as BPAG2 or BP180) (COL17)
is a transmembrane protein that plays a critical role in linking
the cytoskeleton and the extracellular environment (Shimizu
et al., 1989; Franzke et al., 2005). It is also an autoantigen in
bullous pemphigoid, a blistering skin disease (Jablonska
et al., 1958; Sams, 1970; Shimizu et al., 1989). Mutations in
the human COL17 gene, COL17A1, lead to COL17 protein
deficiency, reduced keratinocyte-basement membrane adhe-
sion, and reductions in the size of hemidesmosome (HD)
plaques, involved in epidermal adhesion (McMillan et al.,
1998) (Zillikens and Giudice, 1999). These defects lead to
non-Herlitz junctional epidermolysis bullosa, an autosomal
recessive blistering disease with a variable clinical phenotype
largely dependent on mutation severity (McGrath et al.,
1995, 1996; Bauer and Lanschuetzer, 2003).
Epidermal keratinocytes expressing defective COL17
show altered basement-membrane adhesion, increased skin
separation (Nakamura et al., 2006; Nishie et al., 2007), and
increased migration rates (Tasanen et al., 2004). COL17-
knockout mice (Nishie et al., 2007) show a similar phenotype
to that of nHJEB patients, including multiple erosions and hair
defects and premature loss of hair (McGrath et al., 1995,
1996; Bauer and Lanschuetzer, 2003).
Regulation of keratinocyte adhesion and migration likely
involves COL17 collagenous ectodomain shedding because
of cleavage close to the plasma membrane of keratinocytes
and malignant epithelial cells (Franzke et al., 2002, 2004;
Labrousse et al., 2002; Zimina et al., 2005, 2007). The shed
ectodomain is thought to regulate attachment by inducing
cell detachment, profoundly affecting cell adhesion and
subsequent signaling, thereby increasing motility, and dis-
rupting differentiation, and it is already known to be involved
in autoimmune disease development (Schumann et al.,
2000).
The process of cell migration over the extracellular matrix
plays a critical role not only in maintaining epidermal
homeostasis but also in promoting angiogenesis, and it is
involved in inflammation, embryonic development (Martin
and Parkhurst, 2004), wound repair (Friedl, 2004; Friedl
et al., 2004), and tumor metastasis (Braiman-Wiksman et al.,
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2007; Raja et al., 2007). Central to this process, several
papers have reported that activation of the mitogen-activated
protein kinase (MAPK) pathway leads to transcriptional
control of genes important for cell proliferation and
differentiation (Zhang et al., 2004; Deng et al., 2006; Choma
et al., 2007). However, both growth factor receptors and
integrins can also induce multiple signaling events leading to
MAPK activity and the rapid induction of cell migration,
suggesting that MAPK can lead to direct activation of the
intracellular motility machinery independent of de novo gene
transcription. (Pearson et al., 2001; Stoll et al., 2003; Deng
et al., 2006; Fitsialos et al., 2007).
In this study, we analyzed the precise mechanism(s)
whereby COL17 modulates keratinocyte migration under
various physiological and pathological situations to gain a
better understanding of the general role of COL17 in the
regulation of keratinocyte adhesion, signaling activation, and
p38MAPK-dependent migration.
RESULTS
Establishment of COL17-knockdown clones
In an effort to determine whether expression of COL17 in
HaCaT cells can affect cell characteristics such as cell
motility and morphology, we used RNA interference
approaches to knock down COL17 expression. First, HaCaT
cells were transfected using lipofectamine with the plasmid-
based vector pSilencer 3.0-hygro, specific to human COL17
or to green fluorescent protein (GFP), and clones were
selected using 0.4mg/ml hygromycin. To confirm the extent
of COL17-expression knockdown in subcloned cell lines
(si17-4 and -6; N. C., respectively vs controls), total RNA
and protein were harvested and analyzed by RT-PCR and
western blotting. COL17 gene expression studied by RT-PCR
(Figure 1a) showed a marked reduction in the relative ratio of
COL17 expression to the glyceraldehyde-3-phosphate dehy-
drogenase housekeeping gene internal control. These data
show an approximate fourfold reduction in COL17 message
expression in comparison with the control cells. Western
blotting data showed similar reductions in both mRNA and
protein expression. The blotting results, shown in Figure 1b,
showed a significantly reduced level of COL17 in cells that
had been transfected with the two vectors expressing short
hairpin RNA against COL17 (pSi-COL17). The levels were
significantly lower than those in wild type or control short
hairpin RNA (pSi-GFP) transfected-HaCaT cells, without any
detectable change in b-actin expression. Densitometry
scanning to quantify the western blots revealed the degree
of protein expression to be about 70% of control COL17
protein levels, whereas the siGFP-treated cells failed to show
any significant change in COL17 expression. All cell lines
showed no changes in cell viability compared with wild-type
HaCaT cells (data not shown).
COL17-knockdown HaCaT cells show reduced motility but no
change in adhesion
To study the role of COL17 in the migration of cells plated
onto uncoated plastic dishes, cells were incubated in serum-
free keratinocyte-growth medium at 37 1C for 8 hours
(calcium concentration at 0.2 or 1.44mM). Subconfluent cells
were seeded, and after 2 hours the distance (in mm) migrated
by the cells was measured using ImageJ software (Figure 2a).
Compared with COL17-knockdown clones, HaCaT cells and
negative-control cell line cells migrated approximately 2- to
2.5-fold further during the ensuing 12-hour period (Figure 2b).
The addition of keratinocyte growth factor to the medium
increased the migration rates in control HaCaT cells and
COL17-knockdown cells (Figure 2b). These findings suggest
that untreated or control GFP-transfected HaCaT cells are
more motile than COL17-knockdown cells when plated on
uncoated tissue culture plastic (TCP) dishes. We then
compared the adhesion of HaCaT cells to COL17-knockdown
siRNA-treated HaCaT cells in a short-term adhesion assay on
uncoated dishes. The adhesion of siRNA-treated HaCaT cells
was equivalent to that of HaCaT cells on uncoated dishes
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Figure 1. Expression of COL17 in HaCaT cell lines and COL17-knockdown
clones by RT-PCR and immunoblot analysis. (a) RT-PCR studies of reference
RT-RNA samples validated decreased expression of COL17 (by approximately
fourfold) in si17-4 and si17-6 cell lines compared with normal and
mock-transfected controls. HaCaT: parental cells; N. C.: GFP siRNA
vector-transfected HaCaT cells; si17-4 and -6: COL17 siRNA-expressed
clones. Three experiments were performed in duplicate, and values represent
the meanþ SE. (b) Confirmation of stable expression of COL17 in the HaCaT
cell line. The expression of actin was monitored to ensure equivalent loading
and protein transfer.
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(Figure 3a). Thus, COL17 is involved in regulating normal
migration of HaCaT cells on uncoated TCP dishes, but is not
involved in HaCaT cell attachment to uncoated TCP. To
analyze the role of COL17 in adhesion, cells were plated onto
dishes coated with different proteins, collagen types I, IV, and
BD-Matrigel. The adhesion of COL17 knockdown HaCaT
cells was significantly reduced (Po0.005) compared with that
of control HaCaT cells on collagen IV and BD-Matrigel-
coated dishes (BD-Matrigel comprises both collagen IV and
multiple laminin isoform chains) (Figure 3a). Furthermore, the
extent to which adhesion was reduced was roughly equivalent
in both collagen and Matrigel-coated dishes. We surmise that
COL17 is important in cell adhesion to collagen IV, and a
similar effect can be seen with the collagen IV present in the
BD-Matrigel-coated dishes. However, COL17-depleted cells
showed only marginally weaker binding to collagen I and is
therefore likely to be less important in cultured cell adhesion
to collagen I. The migration of these cells on different
substrates was also investigated. Similar to the results shown
on uncoated TCP dishes, HaCaT cells and GFP-transfected
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Figure 2. Cell migration of control and COL17 knockdown HaCaT-derived
cell lines. (a) Representative cell tracks of control and siRNA-treated cells,
scale bar: 100mm. The distance (in mm) migrated by the cells was measured
using ImageJ software. (b) Assessment of total cell migration distance over
12 hours showed that control and GFP-transfected HaCaT cell lines both
showed high migration rates, but the two COL17-knockdown cell lines
showed dramatically reduced rates of cell migration (by more than twofold)
on uncoated tissue culture plastic. KGF was added into HaCaT cells and
COL17-knockdown cells as positive control for assessing migration potential.
Three experiments were performed in duplicate, and values represent the
meanþ SE.
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Figure 3. Cell adhesion and migration assays on collagen I, IV or BD-
matrigel coated dishes. (a) The results showed no differences in adhesion in
the control and COL17-deficient cells on uncoated tissue culture plastic, but
significant reductions in the number of COL17 deficient cells attached
(Po0.005) on collagen IV and BD-Matrigel substrate. Collagen I-coated
dishes showed only minor and statistically insignificant changes in adhesive
cell number between control and COL17-deficient cells. (b) Cell migration
distance was also checked under the same conditions as adhesion. Similar
results were obtained with cells on uncoated plastic dishes with COL17-
knockdown cells showing reduced migration rates on all three substrates
compared with controls. Migration of COL17-knockdown cells showed
slightly larger reductions compared with controls when grown on collagen IV
and BD-Matrigel substrate. Three experiments were performed in duplicate,
and values represent the meanþ SE.
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control cells migrated approximately twofold farther com-
pared with COL17-knockdown clones over 12hours when
plated on collagen IV or Matrigel-coated dishes (Figure 3b). In
addition, COL17-knockdown HaCaT cells plated on collagen I
coated dishes showed marginal reductions in motility,
although the difference was not statistically significant.
Activation of MAPK in HaCaT cells
Earlier reports have implicated the involvement of MAPK
activity in cell motility (Stoll et al., 2003; Choma et al., 2007;
Fitsialos et al., 2007). We therefore used siRNA-transfected
HaCaT cells to investigate the role of MAPK in COL17-
regulated cell motility. The activation of MAPK was measured
by antiphosphotyrosine immunoblotting. Compared with the
untreated HaCaT cells cultured in keratinocyte-growth med-
ium, siRNA-treated COL17-knockdown HaCaT cells showed
reduced MAPK/ERK kinase (MEK) 1/2 activity (Figure 4). It is
known that activated MEK1/2 can activate p38MAPK (Slack-
Davis et al., 2003; Manohar et al., 2004; Deng et al., 2006),
and this is thought to be important in the regulation of
keratinocyte migration. We therefore examined whether siRNA
treatment downregulates p38MAPK activity in HaCaT kerati-
nocytes (Figure 4). siRNA-induced COL17 knockdown reduced
p38MAPK activity in HaCaT cells. In contrast, the total amount
of both MEK 1/2 and p38MAPK was not changed by siRNA-
induced COL17 knockdown. These results indicate that COL17
knockdown reduced MAPK activity, possibly resulting in
reduced HaCaT cell migration.
MAPK inhibitors inhibit COL17-regulated cell migration but not
adhesion
To further analyze the role of p38MAPK activation in the
control of keratinocyte migration, we next investigated
whether inhibition of the p38MAPK pathways could prevent
the regulation of cell migration by COL17. Pretreatment of
cells with the p38MAPK inhibitor SB 203580 blocked cell
migration in a dose-dependent manner and also blocked the
activation of p38MAP (Figure 5a). The 10 mM dose was
selected as the lowest optimal dose of SB 203580 to be used
in these inhibition of migration experiments. Pretreatment of
cells with 10mM SB 203580 inhibited cell migration by
approximately 60% compared with untreated cells (Figure
5b). Under identical conditions, adhesion was again mea-
sured and the p38 inhibitor SB 203580 failed to show any
effect on cell adhesion (Figure 5c). These data show that
MAPK-inhibitors inhibit COL17-dependent cell migration but
not adhesion, and therefore p38MAPK activation is important
for migration but not adhesion in keratinocyte culture
systems.
DISCUSSION
COL17 is a HD component that is involved in
HD-attachment plaque stability and in providing basal-
keratinocyte adhesion to the underlying epidermal basement
membrane and extracellular matrix (McGrath et al., 1995;
McMillan et al., 1998; Nishie et al., 2007). Defects in
keratinocyte COL17 expression have marked consequences
on cell behavior, as earlier papers have reported that COL17
deficiency induces a migratory phenotype (Tasanen et al.,
2004; Zimina et al., 2005). In vivo, HDs are associated with
stable keratinocyte anchorage, and conversely, HD disas-
sembly is a prerequisite for keratinocyte migration (De Luca
et al., 1994; Poumay et al., 1994; Raja et al., 2007). Thus, the
integration of COL17 in the keratinocyte attachment complex
represents an important step in the sequence of events
regulating robust keratinocyte adhesion, limiting migration,
and our results show that siRNA COL17 knockdown affects
cell migration and adhesion on collagen IV and Matrigel
substrates. Interestingly, siRNA COL17 knockdown of HaCaT
cells on TCP showed a reduced migratory phenotype that
contradicts other studies. Tasanen et al. reported that
keratinocytes with COL17 null mutations showed increased
cell migration compared with wild-type cells (Tasanen et al.,
2004). However, they studied human junctional epidermo-
lysis bullosa patient keratinocytes with COL17 null mutations
and used laminin 332 (laminin 5)-coated substrates that affect
keratinocyte adhesion in a different manner, and thus explain
the different findings. BD-Matrigel contains mouse laminin
isoforms (including laminin 111, formerly laminin 1, and
likely several other isoforms) and siRNA COL17-depleted
HaCaT cells exhibited reduced adhesion, which may allow
for the more motile environment shown in earlier reports. The
involvement of COL17 in cell migration has been shown
earlier(Tasanen et al., 2004; Parikka et al., 2006; Huilaja
et al., 2007). An optimum level of adhesion strength is
generally thought to be required for cell migration, suggesting
that markedly weak adhesion may also impair proper cell
traction. Similarly, excessive adhesion can also inhibit
motility, and therefore precise and correct control of cell
dysadhesion is required for optimal migration rates. The role
of COL17 in the stabilization of epithelial cells on various
matrices in vitro provides an explanation for the lack of
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Figure 4. Laser densitometry analysis of protein immunoblots from control
and COL17-deficient HaCaT-derived cell lines. Laser densitometry showed
that both phospho-MEK1/2 and phospho-p38 MAPK showed reduced
immunostaining in COL17-deficient cell lines. These results showed that
MEK1/2 and MAP kinase activation is greater in untreated HaCaT cells than in
siRNA COL17-knockdown HaCaT cells. We observed no change in MEK1/2
and p38MAPK, and there was normal staining of equal intensity for the
unphosphorylated forms of MEK1/2 and p38MAPK. The expression of actin
was used as an internal standard loading and protein transfer control.
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keratinocyte adhesion to the dermal-epidermal junction in
COL17-deficient nHJEB patients. Indeed, patients lacking
COL17 do exhibit a relatively mild blistering phenotype
because of their lack of robust adhesion to the basal lamina
extracellular matrix components that likely include the
collagens (particularly collagen IV), a6b4 integrin, or laminin
332. COL17 is expressed in the upper part of the outer root
sheath hair follicle keratinocytes (Messenger et al., 1991;
Joubeh et al., 2003) and in ameloblast cells involved in tooth
formation, consistent with nHJEB patients exhibiting asso-
ciated hair and tooth defects. Cell adhesion and migration are
generally thought to be critical for the maintenance of the
keratinocyte hair follicle bulge population and interfollicular
regions, and thus loss of COL17 and subsequent effects on
cell adhesion, migration, and signaling during the hair cycle
and differentiation in these regions explain the hair loss and
skin thinning observed in nHJEB COL17-deficient patients.
Cell migration requires a complex coordinated interaction
of proteins and signaling events that control important cell
motility events. Our results show that COL17 siRNA knock-
down affects cell migration through the p38MAPK-signaling
pathway. The MAPK pathway influences many cellular
processes, including cell division, gene transcription, and
stress responses. Many papers have reported the role of
MAPK in cell migration, acting on cytoskeletal components
(Osmanagic-Myers et al., 2006; Pullikuth and Catling, 2007).
MAPK signaling events have been shown to be triggered by a
number of different growth factors, cytokines, and integrins,
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Figure 5. SB 203580 inhibits COL17-regulated cell migration but not adhesion. Inhibition of keratinocyte migration by the MAPK inhibitor SB 203580 (a) is
dose-dependent, (b) but does not rely on normal COL17 levels of expression. Dose response of MAPK inhibitor SB 203580 shows a significant reduction in
keratinocyte motility at levels above 10mM (this value was then used in subsequent experiments to determine the role of MAPK in COL17-deficient migration
suppression). Both COL17-deficient HaCaT cells and MAPK inhibition using SB 203580 suppressed keratinocyte migration to a similar extent, but (b) without
any synergistic effect, and (c) this inhibitor did not affect adhesion in any cell line. Results of western blotting, which show phosphorylation status of p38 in each
condition, three experiments were performed in duplicate, and values represent the meanþ SE.
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which influence specific cell migration events. Cellular
transformation by H-Ras or c-Src is also associated with
increased MAPK activity and enhanced cell proliferation, and
migration in neoplasia. The MAPK pathways are involved not
only in cell migration but also in aspects of cell adhesion
(integrin attachment initiates downstream signaling). In this
report, we provide evidence that p38MAPK signaling can
regulate cell migration by directly affecting the migratory
machinery. Blocking p38MAPK activity with a selective
inhibitor resulted in the loss of cell migration, with no
obvious effect on cell adhesion. Our results suggest that
COL17 may be involved in p38MAPK-signaling pathways
during cell migration, but that it is not a prerequisite for
in vitro adhesion, suggesting mutually exclusive p38MAPK-
signaling pathways involving COL17 adhesion and migra-
tion. The precise relationship between COL17 and p38MAPK
in cell migration is not yet clear: whether it is a direct
interaction or acts through other secondary factors. The
MAPK pathway cross talks with many different signaling
pathways to regulate cellular activities and likewise other
signaling molecules can influence upstream and downstream
targets of the p38MAPK pathway, which allows fine control
of specific cellular activities. With ongoing investigation, the
interactions of p38MAPK and COL17 with other signaling
pathways can be clarified.
A further important finding was that cells with normal
levels of COL17 showed higher rates of adhesion to collagen
IV or BD-Matrigel (comprising mouse laminin isoforms and
collagen IV) than to collagen I or plastic in comparison. From
our data, we hypothesize that COL17 may play a specific role
in collagen IV adhesion, albeit with weaker association in
comparison to laminin 332-integrin a6b4 adhesive interac-
tion. Such interactions fit with the clinically milder pheno-
type observed in non-Herlitz junctional epidermolysis
bullosa human patients and mouse models.
Taken together, our data suggest that keratinocyte adhe-
sion and migration are differentially regulated. This is the
case as many different adherent cell types do not migrate
without prior specific cytokine or growth factor stimulation.
Earlier studies have shown that MAPK activity is critical for
transcriptional gene events leading to cell proliferation and
differentiation, which may explain how COL17 and MAPK
activation can independently influence cell movement on
different extracellular matrices during tissue remodeling, as
well as tumor cell invasion. Our findings suggest that COL17
is important in keratinocyte adhesion and in relaying signals
from the extracellular matrix to the internal signaling
apparatus during cell migration.
MATERIALS AND METHODS
Cell culture and establishment of stable cell lines
The HaCaT cell line (Boukamp et al., 1990), a spontaneously
transformed but non-malignant human keratinocyte cell line, was
used in this study. The cells were cultured at 37 1C in a 5% CO2
humidified atmosphere in Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% fetal calf serum (Gibco BRL, Gaithersburg,
MD). HaCaT cells were passaged overnight at a concentration of
5 104/ml to 1 105/ml, in 6-well plates under standard conditions.
Fifteen-minutes before transfection, the medium was changed to
OPTI-MEM (Gibco Invitrogen, Carlsbad, CA) quiescent medium
(without fetal calf serum ). Transfections were carried out using
Lipofectamine transfection reagent (Invitrogen, Carlsbad, CA)
according to the manufacturer’s instructions. Four hours after
transfection, medium containing 10% fetal calf serum was added.
Two stable monoclonal lines from the single cell of siRNA
expression vector transfectants (si17-4, si17-6) were established
after medium treatment with 0.3mg/ml hygromycin (Wako, Osaka,
Japan) for 7 days, using limiting dilution methods. The relative
reduction in COL17 expression by siRNA was analyzed by
immunoblotting cell culture extracts and RT-PCR.
RNA interference (I)
We designed small interference siRNA nucleotides to knock down
COL17 expression as described in the manufacturer’s technical
information (Ambion, Austin, TX). A set of 19-mer oligonucleotides
(AAGTATTGCTGTCAAGCCGTG), corresponding to 4,642 nucleo-
tides downstream of the transcription start site, was selected. We
confirmed that the selected oligonucleotide sets failed to show
homology to any other genes by BLAST searching and that they
would not therefore interfere with other genes. The oligonucleotides
were synthesized and column purified. The 19-mer sense siRNA
sequence and antisense siRNA sequences were linked with a nine
nucleotide spacer (TTCAAGAGA) loop. Six T bases and 6 A bases
were added as a termination signal to the 30 end of the forward
oligonucleotides and the 50 end of the reverse oligonucleotides,
respectively. Five nucleotides corresponding to the Bam HI (GATCC)
and Hind III (AGCTT) restriction sites were then added to the 50 end
of the forward oligonucleotides and the 30 end of the reverse
oligonucleotides, respectively. Forward and reverse oligonucleotides
were incubated in annealing buffer (100mM K-acetate, 30mM
HEPESKOH (pH 7.4), and 2mM Mg-acetate) for 3minutes at 90 1C,
followed by incubation for 1 hour at 37 1C. The annealed DNA
fragment was ligated with the linearized pSilencer 3.1-H1 hygro
siRNA plasmid expression vector (Ambion) at the Bam HI and Hind
III sites, and a COL17 siRNA vector (pSi-COL17) was thus
constructed. A negative-control siRNA vector (pSi-GFP) that targeted
using an unrelated (non-specific) GFP cDNA sequence
50-GGTTATGTACAGGAACGCA-30 that had no matches to any
human gene was also prepared under similar conditions.
RNA extraction and quantification using RT-PCR
Total RNA was extracted from HaCaT cells using TRIzol (Invitrogen,
Burlington, ON, Canada). RNA was dissolved in 30 DEPC-H2O and
immediately stored at 70 1C. The concentration and purity of RNA
were evaluated by measuring the absorbance at 260 nm, and by
calculating the ratio of absorbance at 260–280 nm using a UV
spectrophotometer (Ultrospec-3000 spectrophotometer, Pharmacia
Biotech, UK). RT-PCR analysis for COL17 was performed on RNA
extracts using ABI prism 7500 (Applied Biosystems, Foster City, CA)
and the 50exonuclease assay (TaqMan technology). The cDNA was
used for RT-PCR performed in 96-well optical reaction plates with
cDNA equivalent to 30 ng RNA in a reaction of 25 ml containing 1X
Taqman Universal Master Mix, 900 nM of specific forward and
reverse primer for COL17. Controls included RNA subjected to
RT-PCR without reverse transcriptase and PCR with water replacing
cDNA template. The data were normalized using glyceraldehyde-3-
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phosphate dehydrogenase mRNA expression levels as an internal
standard, and converted into fold change on the basis of a doubling
of PCR product in each PCR cycle, according to the manufacturer’s
guidelines described earlier.
Analysis of migration assay
The effects of COL17 on cell migration were studied using 3 cm
plastic coated dishes. HaCaT cells were incubated in serum-free
keratinocyte growth medium (Cambrex, Walkersville, MD) at 37 1C
for 8 hours. HaCaT cells in logarithmic-growth phase were detached
using trypsin–EDTA. In all, 3,000 cells were seeded in 3 cm TCP
dishes and further cultured at 37 1C in a 5% CO2 humidified
atmosphere in serum-free DMEM. Migrating cells were photo-
graphed every 5minutes using time-lapse video (Olympus DP70,
Tokyo, Japan) from 2–14hours after plating. The distance migrated
by 40 cells over 12 hours was later measured using ImageJ software
(McMillan et al., 2007). To analyze the migration on dishes coated
with different proteins, 50 ml cell matrix type I (2.4mg/ml), type IV
collagens (2.4mg/ml) (Nitta Gelatin, Osaka, Japan), and 50 ml BD
Matrigel (10.0–12.0mg/ml) (BD Bioscience, San Jose, CA) were
coated on petri dishes according to the manufacturer’s protocol.
After drying, multiwell tissue culture plates were washed in serum-
free DMEM and then used immediately for cell migration assays. For
MAPK inhibition experiments, a p38MAPK specific inhibitor (SB
203580) (Hornby, ON, Canada) was purchased from Calbiochem
and used at a final concentration of 10 mM after dose optimization,
and was added to serum-free medium. At the same time, 0.5 nM
keratinocyte growth factor (NIBSC, Hertfordshire, UK) was used as
positive control for migration assays (Ceccarelli et al., 2007).
Cell adhesion assays
To analyze adhesion, 96-well plates were used. Wells were rinsed
with phosphate-buffered saline (PBS) and blocked with 0.1% BSA in
PBS for 30minutes before use. HaCaT cells in serum-free DMEM
containing 0.1% BSA were seeded at a concentration of 5 104
cells/well. After 1 hour at 37 1C, cells were rinsed twice with PBS,
fixed for 10minutes at room temperature in 70% ethanol, rinsed
again with PBS and stained in 0.1% crystal violet (Tokyo Chemical
Industry, Tokyo, Japan), and kept in water for 30minutes at room
temperature. After staining, cells were rinsed 3 times with water, air
dried, and solubilized in 1% SDS in PBS, and the OD color read with
an ELISA-plate reader (Mithras LB 940, Berthold Inc., Tokyo, Japan)
at 570 nm. A blank value corresponding to BSA-coated wells was
automatically subtracted. To analyze adhesion on dishes coated with
different proteins, cell matrix type I and type IV collagens,
BD-Matrigel was coated to the dishes using the same method as
described above. After drying, multiwell tissue culture plates were
washed in serum-free DMEM, then immediately used for cell
adhesion assays as described above.
Activation of MEK1/2 and p38MAPK
Cells were incubated in serum-free keratinocyte-growth medium at
37 1C for 8 hours. Cells were solubilized in SDS-sample buffer
(40mM Tris-HCl, pH 7.4, 5% 2ME, 2% SDS, 0.05% bromphenol
blue), and the cell extracts were subjected to western immunoblot-
ting analyses using either anti-phospho-MEK1/2 antibody (166F8) or
anti-phospho-p38MAPK antibody (12F8), which selectively recog-
nizes the activated forms of MEK1/2 (phosphorylated Ser 221) or
p38MAPKs (phosphorylated Thr180/Tyr182), respectively. To detect
MEK1/2 or p38MAPKs, anti-MEK1/2 antibody or anti-p38MAPK
antibody was used. All of these antibodies were purchased from Cell
Signaling (Danvers, MA). Actin was used as the loading control to
account for equal protein loading for each blot lane. For these
experiments, equal amounts of cell extract (450mg of total proteins)
were resolved on an SDS polyacrylamide gel, transferred to a
nitrocellulose membrane (Bio-Rad Laboratories, Inc., Tokyo, Japan),
and immunoblotted with corresponding antibodies. The results were
visualized by a horseradish-peroxidase-conjugated secondary anti-
body.
Immunoblotting analysis
Total cell cultures were extracted using lysis buffer as described
earlier. Cell lysates were analyzed by SDS-polyacrylamide gel
electrophoresis and blotted as described earlier, using goat anti-
COL17 (N-18) polyclonal antibody (Santa Cruz, CA), anti-MEK1/2
monoclonal antibody, and anti-phospho-MEK1/2, anti-p38MAPK
and phospho-p38MAPK (Cell Signaling, Danvers, MA), and anti-b-
actin monoclonal antibody (Chemicon, Temecula, CA). The bound
primary antibodies on membranes were incubated with peroxidase-
conjugated anti-mouse IgGþM (Jackson ImmunoResearch
Lab., West Grove, PA) or anti-goat IgG (R&D Systems, Inc.,
Minneapolis, MN) and detected by enhanced chemiluminesence
western blotting detection reagents (Amersham Biosciences, Amer-
sham, UK). Band images were detected by an LAS 1000 mini system
(Fuji Film, Kanagawa, Japan).
Statistical analysis
The data shown represent mean values of at least three different
experiments, expressed as mean±SE. Student’s t-test was used to
compare the data, and a P-value of o0.05 was considered to be
statistically significant.
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